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Abstract 

Title of Thesis: The Effect of Disinfectants on Various Shade Tabs 

Peterson Huang, Master of Science, 2014 

Thesis Directed by: Radi Masri, Associate Professor, Endodontics, Prosthodontics and 

Operative Dentistry 

Statement of problem: Dental shade guides are used to evaluate tooth color prior to 

restorative and prosthodontic procedures and are subjected to disinfection after use. The 

effect of disinfection on shade guides has not been thoroughly investigated. 

Purpose: The purpose of this project was to study the effect of disinfectants on changes 

in color of shade tabs.  

Materials and Methods: Changes in color (Δe) of Vita Classic Shade Guide tabs were 

measured with a Vita Easyshade spectrophotometer and calculated after being subjected 

to Cavicide, Asepticare TB, Sporicidin, and distilled water (control) over a simulated 

two-years period.  Statistical analysis was accomplished by a two-way analysis of 

variance followed by Tukey's HSD test (p≤0.05) 

Results: There was a significant difference in the degree of shade tab color change 

depending on the type of disinfectant used (F=153.2, p=0.0005). There was no significant 

difference in the amount of shade tab color change that occurred after disinfection 

between the different shade tabs used (F=0.611, p=0.87) nor a significant interaction 

between the type of disinfectant and the different shade tabs used (F=0.7, p=0.92). 

Aspecticare TB showed the least significant amount of change (Δe=0.401), Sporicidin 



	  
	  
	  

	  

(Δe=0.889) and the control (Δe=0.969) showed significantly more color change than 

Asepticare TB but less color change than Cavicide (Δe=1.198).  

Conclusion: It has been reported that human observers can be expected to detect color 

differences of 1 Δe unit under standardized laboratory conditions (Kuehni 1979). In the 

oral cavity, however, an average change of 3.7 Δe units could still allow teeth to be 

matched as having the same color (Johnson 1989). Therefore, while the results are 

significant, they may not be clinically important.  
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INTRODUCTION 

Evaluation of tooth color is typically accomplished using dental shade guides prior to 

restorative and prosthodontic procedures. A typical shade guide consists of a set of 

labeled tabs with different shades intended to cover the range of colors in the human 

dentition. The successful achievement of a clinically acceptable color match between the 

final restoration and the given tooth is closely related to the spectral coverage of the 

shade guide, clinician experience (McMaugh 1977), and the viewing environment (Leon 

1982, Miller 1993, Pensler 1998). The objective of this research project was aimed at 

studying the effect of various disinfectants on the stability of color of shade tabs. 

Chemical Disinfectants and Their Regulation 

A disinfectant is a chemical agent used on inanimate objects (e.g., floors, walls, or sinks) 

to destroy nearly all recognized pathogenic microorganisms, but not necessarily all 

microbial forms (e.g. bacterial endospores) (Kohn et al. 2004). Disinfectants are grouped 

by the U.S. Environmental Protection Agency (EPA) on the basis of whether the product 

label claims general or hospital disinfectant capabilities (EPA 2004).  

Disinfection is defined as destruction of pathogenic and other kinds of microorganisms 

by physical or chemical means. Disinfection is less lethal than sterilization but does not 

ensure the degree of safety associated with sterilization processes (Kohn et al. 2004).  
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The choice of disinfecting agents is largely a matter of judgment, guided by the 

manufacturer’s instructions, product label claims, and government regulations. The user 

must consider multiple factors including the degree of microbial killing required; the 

nature and composition of the item to be disinfected; and the cost, safety, and ease of use 

of the available agents. Selecting one appropriate product with a higher degree of potency 

to cover all situations might be more convenient.  

In the United States, liquid chemical disinfectants are regulated by the EPA (1994) and 

the Food and Drug Administration (FDA). In health-care settings, the EPA regulates 

disinfectants that are used on housekeeping and clinical contact surfaces. The FDA 

regulates liquid chemical sterilizers/ high-level disinfectants and liquid chemical 

sterilizers (e.g. glutaraldehyde) that are used on critical and semi-critical patient-care 

instruments. Disinfectants intended for use on clinical contact surfaces (e.g., light handles, 

radiographic-ray heads, or drawer knobs) or housekeeping surfaces (e.g., floors, walls, or 

sinks) are regulated in interstate commerce by the Antimicrobials Division, Office of 

Pesticide Programs, EPA, under the authority of the Federal Insecticide, Fungicide, and 

Rodenticide Act (FIFRA) of 1947, as amended in 1996 (EPA 2011). 

Manufacturers must test disinfectant formulations for microbicidal activity, stability, and 

toxicity and submit this data to the EPA with proposed labeling. If the EPA concludes 

that the product may be used without causing unreasonable adverse effects, the labeling is 

given an EPA registration number, and the manufacturer may then sell and distribute the 

product in the United States. The following statement appears on all EPA-registered 

product labels under the “Directions for Use” heading: "It is a violation of federal law to 
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use this product inconsistent with its labeling". Health care professionals must follow the 

safety precautions and comply with the directions on the label. Failure to adhere to the 

specified dilution, contact time, method of application, or any other condition of use is 

considered misuse of the product.  

The FDA, under the authority of the 1976 Medical Devices Amendment to the Food, 

Drug, and Cosmetic Act, regulates chemical disinfectants designated for use on medical 

devices. Furthermore, a chemical disinfectant marketed for use on a specific device is 

considered, for regulatory purposes, a medical device itself when used to disinfect that 

specific medical device. This FDA regulatory authority over a particular instrument or 

device dictates that the manufacturer is obligated to provide the user with adequate safety 

and usage instructions. This must include methods to clean and disinfect or sterilize the 

item if it is to be marketed as a reusable medical device.  

The Occupational Safety and Health Administration (OSHA) develops workplace 

standards to help ensure safe and healthful working conditions in places of employment. 

OSHA is authorized under Pub. L. 95-251, and as amended, to enforce these workplace 

standards. In 1991, OSHA published Occupational Exposure to Bloodborne Pathogens; 

Final Rule [29 CFR Part 1910.1030] (US Department of Labor 1991). This standard is 

designed to help prevent occupational exposures to blood or other potentially infectious 

substances. Under this standard, OSHA has interpreted that, to decontaminate work 

surfaces, either an EPA-registered hospital tuberculocidal disinfectant or an EPA-

registered hospital disinfectant labeled as effective against human immunodeficiency 

virus (HIV) and hepatitis B virus (HBV) is appropriate. Hospital disinfectants with such 
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HIV and HBV claims can be used, provided surfaces are clean and not contaminated with 

agents or concentration of agents for which higher level (i.e., intermediate-level) 

disinfection is recommended. In addition, as with all disinfectants, effectiveness is 

governed by strict adherence to the label instructions of said product.  

Chemical disinfectants used for disinfecting surfaces that have been contaminated with 

patient material include alcohol, chlorine and chlorine-containing compounds, 

formaldehyde, glutaraldehyde, iodophors, phenolics, and quaternary ammonium 

compounds (Rutala 1996). 

Alcohol 

In the sphere of hospital disinfection, alcohol refers to two water-soluble chemical 

compounds: ethyl alcohol and isopropyl alcohol. These alcohols are rapidly bactericidal, 

rather than bacteriostatic, against vegetative forms of bacteria; they are also 

tuberculocidal, fungicidal, and virucidal but do not destroy bacterial spores. Alcohols are 

not recommended for sterilizing medical and surgical materials, principally because of 

their lack of sporicidal action and their inability to penetrate protein-rich materials 

(Rutala 1996). Therefore, ethyl and isopropyl alcohols are not recommended for 

sterilizing medical and surgical materials, but may be suitable for disinfection purposes.   

Alcohol wipes or alcohol soaked gauze is used as a common practice to disinfect small 

surfaces, such as the rubber stoppers of multiple-dose medication vials, the surface of a 

stethoscope, and areas of epidermal syringe penetration points.     

 



	  
	  
	  

	   5	  
	  
	  

	  

Chlorine and Chlorine Compounds 

The most widely used form of chlorine disinfectant is the hypochlorites. They are 

relatively inexpensive, fast acting, and have a broad spectrum of antimicrobial activity 

(Rutala 1996). However, the use of hypochlorites in hospitals is limited by their 

corrosiveness, inactivation by organic matter, and relative instability. The microbicidal 

activity of chlorine is largely attributable to undissociated hypochlorous acid (HOCl). 

Dissociation to the less microbicidal form hypochlorite ion, (OCl-) is dependent on pH 

and occurs when the pH increases (Hoffman 1981).  

An alternative compound that releases chlorine and is used in the hospital setting is 

chloramine-T. The advantage of this compound over hypochlorites is that it retains 

chlorine longer and therefore exerts a more prolonged bactericidal effect (Rutala 1996). 

Low concentrations of free chlorine (< 1 ppm) have biocidal effects on mycoplasma (25 

ppm) and vegetative bacteria within seconds in the absence of organic matter (Lee 1985). 

Higher concentrations (1000 ppm) of chlorine are required to kill M. Tuberculosis 

(Rutala 1991). Because household bleach contains 5.25% sodium hypochlorite, or 52,500 

ppm available chlorine, a 1: 1000 dilution of household bleach provides about 50 ppm 

available chlorine, and a 1:50 dilution of household bleach provides about 1000 ppm. 

Concentrations of 500 to 800 ppm of chlorine are recommended for disinfecting 

instruments, and dentists are cautioned that such concentrations are corrosive to dental 

metals (Rutala 1996, Kohn et al. 2004). 
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Formaldehyde 

Formaldehyde is used as a disinfectant and a sterilizer in both its liquid and its gaseous 

states. Formaldehyde is sold and used principally as a water-based solution called 

formalin, which is 37% formaldehyde by weight. The aqueous solution is a bactericide, 

tuberculocide, fungicide, virucide, and sporicide. OSHA indicates that formaldehyde 

should be handled in the workplace as a potential carcinogen, and has set an employee 

exposure standard for formaldehyde that limits an 8-hour time-weighted average 

exposure to a concentration of 3 ppm (National Institute for Occupational Safety and 

Health 1981). For this reason, employees should have limited direct contact with 

formaldehyde. These considerations limit the role of formaldehyde in sterilization and 

disinfection processes. Although formaldehyde is a high level disinfectant, its hospital 

uses are limited by the irritating fumes and the pungent odor that is apparent at very low 

levels. 

Glutaraldehyde 

Glutaraldehyde is a saturated dialdehyde that has gained wide acceptance as a high-level 

disinfectant and chemical sterilizer. Aqueous solutions of glutaraldehyde are acidic and 

generally in this state are not sporicidal. Only when the solution is “activated” (made 

alkaline) by alkalizing agents to a pH of 7.5 to 8.5, does the solution become sporicidal. 

Once activated, these solutions have a shelf life of 14 to 28 days because of the 

polymerization of the glutaraldehyde molecules at alkaline pH levels. This 

polymerization blocks the active sites (aldehyde groups) of the glutaraldehyde molecules, 

which are responsible for its biocidal activity (Rutala 1996). However, the antimicrobial 
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activity of glutaraldehyde is not only dependent on age, but also conditions such as 

dilution and organic stress. 

The biocidal activity of glutaraldehyde is a consequence of its alkylation of sulfhydryl, 

hydroxyl, carboxyl, and amino groups of microorganisms, which alters RNA, DNA, and 

protein synthesis (Scott 1991). 

Glutaraldehyde is used most commonly as a high-level disinfectant for medical 

equipment such as endoscopes, respiratory therapy equipment, dialyzers, transducers, 

anesthesia equipment, spirometry tubing, and hemodialysis proportioning and dialysate 

delivery systems. Glutaraldehyde is non-corrosive to metal and does not damage lensed 

instruments, rubber, or plastics (Rutala 1996). 

Iodophors 

 

Iodine solutions have long been used by health professionals primarily as antiseptics on 

skin or tissue. Iodophors, on the other hand, have been used both as antiseptics and 

disinfectants. An iodophor is a combination of iodine and a solubilizing agent or carrier; 

the resulting complex provides a sustained-release reservoir of iodine and releases small 

amounts of free iodine in aqueous solution (Rutala 1996). Iodophors retain the germicidal 

efficacy of iodine but generally do not stain and are relatively free of toxicity and 

irritancy. 

“Free” iodine (I,) is the principal contributor to the bactericidal activity of iodophors, and 

dilutions of iodophors demonstrate more rapid bactericidal action than a full-strength 

povidone-iodine solution. The reason that has been suggested for the observation that 
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dilution can increase bactericidal activity is that it results in weakening of the iodine 

linkage to the carrier polymer, with an accompanying increase of free iodine in solution 

(Berkelman 1982). Iodophors, therefore, must be used per the manufacturer’s 

recommendations to achieve maximum antimicrobial activity.  

Phenolics 

Phenol derivatives originate when a functional group (e.g., alkyl, phenyl, benzyl, 

halogen) replaces one of the hydrogen atoms on the aromatic ring. Two of the phenol 

derivatives that are commonly found as constituents of hospital disinfectants are ortho-

phenylphenol and ortho-benzyl-para-chlorophenol. The antimicrobial properties of these 

compounds and many other phenol derivatives are much improved from the parent 

chemical. Phenolics are assimilated by porous materials, and the residual disinfectant 

may cause tissue irritation (Rutala 1996). 

At higher concentrations, phenol acts as a gross protoplasmic poison, penetrating and 

disrupting the cell wall and precipitating the cell proteins. Low concentrations of phenol 

and higher-molecular weight phenol derivatives cause bacterial death by the inactivation 

of essential enzyme systems and leakage of essential metabolites from the cell wall 

(Prindle 1983). 

Published reports on the antimicrobial efficacy of commonly used phenolic detergents 

show that phenolics are bactericidal, fungicidal, viricidal, and tuberculocidal. 

Manufacturers’ data from tests demonstrate that commercial phenolic detergents are not 

sporicidal but are tuberculocidal, fungicidal, virucidal, and bactericidal at their 

recommended use dilutions (Rutala 1996). 
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Quaternary Ammonium Compounds 

Quaternary ammonia compounds are organically substituted ammonium compounds in 

which the nitrogen atom has a valence of five. Four of the substituent radicals are alkyl or 

heterocyclic radicals and the fifth substituent radical is a halide, sulfate, or similar radical. 

The bactericidal action of quaternary ammonium compounds has been attributed to 

inactivation of energy-producing enzymes, denaturation of essential cell proteins, and 

disruption of the cell membrane (Sykes 1965). Quaternary ammonium compounds, are 

fungicidal, bactericidal, and virucidal against lipophilic viruses; but they are not 

sporicidal and generally not tuberculocidal or virucidal against hydrophilic viruses. 

Therefore, they are commonly used only in ordinary environmental sanitation of non-

critical surfaces such as floors, furniture and walls (Rutala 1996). 

In this project, the effect of several of these disinfecting compounds on changes in the 

color of shade guides will be examined.   

Color Classification 

Color measurement has been classified and specified in several ways. Two of the most 

widely used systems for describing color are the Munsell System and the International 

Commission on Illumination (CIE) color/order system (Berns 2000). The Munsell 

System describes colors in a 3-dimensional coordinate system of hue, value, and chroma. 

In this system, hue is represented by five basic colors (red, yellow, green, blue, purple) 

and five secondary colors (red-yellow, green-yellow, blue-green, blue-purple, red-purple). 

Each color is arranged around the circular horizontal plane. The second component is 
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value. Value is the quality of grayness in comparison to white (high value) and black, 

(low value). In the Munsell System, black is assigned a value of zero; white a value of ten. 

The third and final aspect of color is the chroma—the strength (or intensity) of the color 

and is represented by the spokes of a wheel, with the purest color at the periphery.  

The CIE system is the international standard for color measurements (Figure 1). It 

incorporates a standard observer and light source. In the CIE concept, all colors can be 

matched by mixing relative amounts of the 3 primary colors: red (X), green (Y), and blue 

(Z). The X, Y, and Z values can be mathematically converted to CIE Lab scales and 

expressed in the CIE L*a*b* color space. L*, the value, ranges from 0 to 100, with 0 

indicating black and 100 indicating white. Positive *a indicates red on the three-

dimensional model, while negative indicates green. Positive *b indicates yellow, negative 

*b indicates blue.  
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Figure 1 

Cylindrical CIE L*a*b* color space (Powers and Sakaguchi 2006) 

 

Spacial orientation of the CIE L*a*b scale. Mathmatical values can be obtained for any 

given color in the three-dimensional model. 
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Shade Matching Devices  

Several shade-matching devices are available on the market. They are classified as 

spectrophotometers, colorimeters, digital color analyzers, or a combination of them. A 

spectrophotometer functions by measuring the spectral reflectance of an object. A prism 

disperses white light from a tungsten-filament bulb in the spetrophotometer. The amount 

of light reflected from a specimen is measured for each wavelength in the visible 

spectrum. A colorimeter measures how much color an object absorbs. It does this by 

measuring the reflected light from a specimen after the reflected light has passed through 

a series of red, green, and blue filters. By comparing it to the original light source, a 

change can be calculated. Digital color analyzers may involve taking digital photographs 

with black and white references and processing the data through computer-assisted 

software to quantify the color. 

Kim-Pusateri et al. (2009) studied the accuracy and reliability of four shade-matching 

devices: SpectroShade (a spectrophotometer, MHT Optic Research AG, Niederhasli, 

Switzerland), ShadeVision (a digital camera system with colorimeter, X-Rite America, 

Inc., Grand Rapids, MI), VITA Easyshade (a spectrophotometer, Vident, Brea, 

California), and ShadeScan (a digital camera system with colorimeter, Cynovad, 

Montreal, Canada). The highest reliability was found with ShadeVision (99.0%), 

followed by SpectroShade (96.9%), VITA Easyshade (96.4%), and ShadeScan (87.4%). 

The highest accuracy was found with VITA Easyshade (92.6%), followed by 

ShadeVision (84.8%), SpectroShade (80.2%), and ShadeScan (66.8%). The Vita 

Easyshade showed the best accuracy and good reliability.  
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The Vita Easyshade consists of a base unit and a hand-held probe. The hand-held probe 

has of a narrow tip (probe) that is to be held 90° to the surface. This small probe tip 

includes a white LED color-corrected light source to determine tooth shade regardless of 

surrounding lighting or other environmental conditions or operator subjectivity. The 

device measures a basic overall tooth shade or separates the tooth into cervical, middle 

and incisal areas, depending on the user’s preference.  

The display can be programmed to show the properties of the measured object including 

the hue, value and chroma (denoted as H, L and C) and the L, *a, *b values. 

Depending on the user’s preference, there are 4 basic measurement settings that can be 

used:  

• Tooth Single mode 

• Tooth Areas mode: maps the cervical, middle and incisal shades 

• Verify restoration mode: check a restoration for shade accuracy 

• Shade tab mode: practice proper placement of probe on VITA shade tab 

 

Dental Shade Guides 

Dental shade guides are made of either porcelain or acrylic with the majority in acrylic. A 

commonly used commercially available shade guide is the Vita Classic Shade Guide and 
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the Vitapan 3D-Master Shade System manufactured by Vident. Although these guides are 

made from acrylic, they are compatible with porcelain systems. 

The Vitapan 3D-Master color system uses the three dimensions of color perception to aid 

in the determination of tooth colors. This systematic colorimetric classification principle 

is based on the Munsell color system using value, chroma and hue. The Vita 3D-Master 

color system is based on yellow-red color hue (VITA Zahnfabrik 2002). Although it is 

not possible to encompass the entire color spectrum of the teeth with a limited number of 

color samples (shade tabs), the underlying assumption is that the difference between the 

true color and the closest shade tab would not be discernable by the human eye (Analoui 

et al. 2004). 

Under the manufacturer’s specifications, the following disinfectants do not contain 

chemicals harmful to the VITA shade guides: (1) Viragaurd (Veridien, St. Petersburgh, 

FL), (2) Cavicide (Metrex, Romulus, MI), (3) Caviwipes (Metrex, Romulus, MI), (4) 

BioSurf (Micrylium, Toronto, Canada), (5) Asepticare TB + (Ecolab, St. Paul, MN), (6) 

DisCide Ultra (Palmero, Statford, CT), (7) Cidex Plux (ASP, Irvine, CA), (8) Procide-D 

(Metrex, Romulus, MI), (9) Procide-D Plus (Metrex, Romulus, MI), (10) Sporicidin 

(Sporicidin Co., Spartanburg, SC). Furthermore, shade guides sold after January 2011 

may be autoclaved. Disinfectants containing phenol, methyl ethyl ketone or iodine are 

harmful to the shade guide (Vident 2011).  

A great number of authorities in dental ceramics point out numerous problems with 

existing commercial shade guides (Sorensen and Torres 1987). Tooth samples are made 

in plastic or porcelain without metal base. Porcelain tooth samples, whose antero-

posterior thickness is about 4 mm, is much thicker than the ceramic layer of the finished 
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metal ceramic restoration. The choice of shades is narrow and it happens that shade 

guides of the same manufacturer have differences among the shades that are stated to be 

the same (Sorensen and Torres 1987). In a study carried out by Analoui et al (2004), 

spectrophotometric color measurement was used to present a new approach to designing 

a visually optimal shade guide. With the use of a spectrophotometric approach, the color 

distribution (L*a*b*) of 150 extracted human teeth and 3 commercially available shade 

guides (Vita Lumin V, Trubyte Bioform Color Order Shade Guide, and Vitapan 3D-

Master Shade System) was measured. The 150 extracted teeth consisted of 35 central 

incisors, 56 lateral incisors, 32 canines, and 27 first premolars. With the use of a 

hierarchical clustering approach, a series of shade guides was designed with a varying 

number of tabs. The average error (Δe) between colors from each shade guide and the 

extracted teeth was computed.   Within the limitations of their investigation, the 

following conclusions were drawn: 

1. A hierarchical clustering approach can be used to design a visually optimal 

shade guide (VOS). 

2. Using the color space defined by 150 extracted human teeth, VOS had a much 

lower error in the color matching task than the 3 commercial shade guides 

evaluated. 

3. The proposed design procedure lends itself to the development of objective and 

population-specific shade guides. 
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There have been several studies on the effect of disinfectants on dental materials such as 

acrylic resins, porcelain, impression materials and implant attachments, but few studies 

exist on dental shade tabs. 

Effect of Disinfectants on Acrylic Resins 

Ma et al. (1997) investigated whether chemical disinfectants altered the surface texture or 

inherent color of denture resins. Five chemical disinfectants (Clorox, Banicide, Cidex-7, 

Biocide, and Multicide) in combination with five denture resins (Dentsply reline material, 

Hygenic HyFlo, Hygenic Perm, Lucitone 199, and Triad VLC reline resin) were 

evaluated at four different times of immersion (10 minutes, 30 minutes, 24 hours, and 7 

days). Changes from baseline for surface roughness and color were recorded. Surface 

roughness data were recorded with a surface analyzer. Color data in CIE L*a*b* color 

space were measured with a colorimeter. In the 3-dimensional L*a*b* color space, equal 

distances in color space represent approximately equally perceived changes. Data were 

analyzed with repeated-measures analysis of variance and single-factor analysis of 

variance.  

Although statistical differences were found amongst the disinfectants and resins, the 

magnitude of change in color and roughness was clinically insignificant. The control for 

this product demonstrated the roughest surface (0.16µm), and all disinfectants produced 

an increase in roughness that ranged from 0.03 to 0.06µm. Ma et al. concluded that one 

disinfectant, Multicide (a phenolic disinfectant), cannot be used on all five resins, as it 

caused surface damage to all five resins in this study after 30 minutes of immersion and 
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the remaining four disinfectants can be used on any of the five resins for up to a period of 

30 minutes. All resins tested can be immersed in the four remaining disinfectants for up 

to 30 minutes without appreciable alteration to surface texture or color.  

Orsi et al (2004) assessed the effect of immersion in different chemical disinfectants for 

varying time periods on the transverse strength of 3 mechanically or chemically polished 

heat-polymerized acrylic resins. A total of 630 rectangular specimens (65 × 10 × 3 mm), 

210 per resin (Clássico, Lucitone 550, and QC-20), were fabricated. One side of each 

specimen was not polished and the other was either mechanically or chemically polished, 

and immersed for 10, 20, 30, 45, or 60 minutes in either 1%, 2.5%, or 5.25% sodium 

hypochlorite or 2% glutaraldehyde. Mechanically polished and chemically polished 

control specimens were immersed only in distilled water. The transverse strength 

(N/mm2) was tested for failure in a universal testing machine, at a crosshead speed of 5 

mm/min. A significant difference was found between types of polishing, with chemical 

polishing resulting in lower transverse strength.  However, no significant difference in 

transverse strength was found between mechanically and chemically polished specimens 

for the immersion periods tested (10 to 60 minutes).  

Pavarina et al. (2003a) carried out a similar study, where they evaluated the effect of 

disinfection immersion on the transverse strength of two heat polymerized resins. The 

denture base resins (Lucitone 550 and QC 20) were polymerized according to the 

manufacturers' instructions. After polymerization, the specimens were polished, and then 

stored in water at 37 °C for 2 hours followed by 10 min immersion in one of the 

following solutions: 4% chlorhexidine, 1% sodium hypochlorite and 3.78% sodium 
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perborate. The specimens were submitted to disinfection twice, simulating when dentures 

come from the patient and before being returned to the patient. Ten specimens were made 

for each group. The transverse strength was evaluated by a 3-point bend test. The flexural 

strength of the two denture base acrylic resins evaluated remained unaffected after 

immersion in the three solutions evaluated. However, in general, the QC 20 resin 

specimens exhibited significantly lower transverse strength than the Lucitone 550 resin 

specimens, regardless of immersion solutions. 

Pavarina et al. (2003b) also studied the effects of disinfectant solutions on the hardness of 

acrylic resin denture teeth. The occlusal surfaces of 64 resin denture teeth were ground 

flat with abrasives up to 400-grit silicon carbide paper. Measurements were made after 

polishing and after the specimens were stored in water at 37 °C for 48 h. The specimens 

were then divided into four groups and immersed in chemical disinfectants (4% 

chlorhexidine; 1% sodium hypochlorite and sodium perborate) for 10 min. Specimens 

tested as controls were immersed in water during the same disinfection time. The samples 

were then stored at 37 °C for 7, 30, 60, 90 and 120 days. According to the results, no 

significant differences were found between materials and immersion solutions. However, 

a continuous decrease in hardness was noticed after aging. It was concluded that the 

surfaces of both acrylic resin denture teeth softened upon immersion in water regardless 

the disinfecting solution. 

Azevedo et al. (2006) studied the potential effects of 1% sodium hypochlorite and 4% 

chlorhexidine on hardness and roughness of hard chairside reline resins versus a heat-

polymerizing denture base acrylic resin. No significant changes in hardness were 

observed in the hard chair-side reline resins Kooliner and Lucitone 550, either after the 
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disinfection or after 7 days of immersion, regardless of the disinfectant solution used. For 

heat-polymerized Duraliner II, with and without heat treatment, a small but significant 

increase in hardness was observed for the specimens immersed in the disinfectant 

solutions for 7 days. All materials showed no significant change in roughness after 

disinfection and after storage in water for 7 days. They concluded that the disinfectant 

solutions, 1% sodium hypochlorite and 4% chlorhexidine gluconate, caused no apparent 

damage on hardness and roughness of the materials evaluated. 

Ellakwa and El-Sheikh (2006) evaluated the effects of different chemical disinfectant 

solutions and repair material on transverse strength of repaired heat-polymerized acrylic 

resin in response to the lack of data on the effects of chemical disinfectants on repaired 

prostheses. One hundred ten specimens simulating both sides of a complete denture were 

divided into 11 groups. Group A was the control. Groups C through F and Groups H 

through K were immersed in the following chemical disinfectants respectively: 1%, 2%, 

and 5.25% sodium hypochlorite, and 2% glutaraldehyde for 10 minutes. Group B was not 

immersed in any solution.  They were removed, washed, dried, and sectioned, creating a 

10-mm gap. Group A remained intact. Groups B through F were repaired with the same 

heat-polymerized acrylic resin, and Groups G through K were repaired with an 

autopolymerizing acrylic resin. The specimens were immersed in the solutions again in 

the same sequence. Transverse strengths were determined using a 3-point bending testing 

device and loaded until fracturing. There were similar transverse strength values among 

the repaired specimens with or without disinfectant solutions. The authors concluded that 

although there were limitations to the study, transverse strength was not affected by the 

disinfectant, and repair materials did not significantly affect the transverse strength of 
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repaired heat-polymerized acrylic resin, but repaired specimens had significantly lower 

transverse strength than intact specimens. However, they also concluded that the effects 

of long-term immersion or several exposures to disinfecting solutions need to be studied 

further.  

Effect of Disinfectants on Porcelain and Other Prosthodontic Materials 

Ma et al. (1999) investigated whether chemical disinfectants affected the surface texture 

and color of 3 fixed prosthodontic materials. Five chemical disinfectants (Clorox, 

Banicide, Cidex-7, Biocide, and Multicide) in combination with 3 restorative materials 

(Dicor, Vita VMK ceramometal porcelain, Midas ADA type III noble casting alloy) were 

evaluated at 4 different times of immersion (10 minutes, 30 minutes, 24 hours, and 7 

days). Changes from baseline for surface roughness and color were evaluated. Surface 

roughness data were recorded with a surface analyzer and color data in CIE L*a*b* color 

space were measured with a colorimeter. They found that there were no statistical 

differences in surface roughness among disinfectants and restorative materials. However, 

there were statistical differences of changes in color, increase in color change and 

decrease in changes in lightness, among disinfectants and the noble casting alloy. In 

conclusion, only 2 of the 3 materials evaluated, Dicor and Vita VMK ceramometal 

porcelain, can be used with all 5 disinfectants up to 7 days of immersion. Three chemical 

disinfectants (Biocide, Clorox, and Multicide) caused significant clinically important 

color changes with the noble casting alloy after 7 days of immersion. 
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Carvalho et al. (2006) evaluated the changes in surface roughness in metal-ceramic and 

IPS Empress 2 ceramic structures, finished by either manual-polishing or glazing, 

followed by immersion in 2% glutaraldehyde solution for either 30 minutes (disinfection 

procedure) or 10 hours (sterilization procedure). There was a statistically significant 

difference only among final polishing of ceramics and in the interaction between 

polishing and material used. No significant changes in surface roughness of tested 

ceramic materials occurred after completion of the disinfection and sterilization 

procedures used in this study. Clinical implications: Infection control procedures are 

indispensable steps before cementation of prostheses. Based on the results of this study, 

prosthodontic materials can be disinfected or sterilized without causing significant 

changes in surface roughness. 

Effects of Disinfectants on Impression Materials 

Many studies have been done on the effects of disinfectants on dental impression 

materials, particularly pertaining to dimensional accuracy of resulting casts.   

Ahmad et al.(2007) investigated the effect of a commonly used immersion disinfectant 

upon three different impression materials and any subsequent effects on the abrasion 

resistance, hardness and surface detail reproduction of gypsum casts. Under standardized 

conditions, a total of 120 impressions were made of a ruled test block using irreversible 

hydrocolloid (Alginoplast), an “alginate alternative” addition-reaction silicone (Position 

Penta) and a conventional addition-reaction silicone (President). The impressions were 

examined for surface detail reproduction prior to and after disinfection with Perform-ID a 
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high performance disinfectant active against bacteria (incl. TB), fungi and viruses (incl. 

HBV and HIV) effective within 10 minutes using a 2% solution. The type III casts were 

evaluated for surface detail reproduction, surface hardness and abrasion resistance. 

It was found that: (1) None of the disinfected alginate specimens could reproduce the 50 

micrometer line. (2) Casts produced from the disinfected alginate were significantly less 

hard as casts produced from disinfected Position Penta and President  (3) Disinfection 

significantly affected the abrasion resistance of casts made from Position Penta. (4) 

Disinfection did not significantly affect President or its subsequent casts. They 

recommended that if disinfecting with Perform-ID, the impression should be made with a 

conventional addition-reaction silicone if good surface detail reproduction of the 

impression material and a hard and abrasion resistant type III gypsum cast are required. 

Effects of Disinfectants on Dental Shade Guides 

Shade guides are classified as non-critical instruments because they should only come 

into contact with intact skin and so their risk category may be presumed to be low (Rutala 

and Weber 2004). Non-critical items should be cleaned, or, if contaminated, cleaned and 

then disinfected with a hospital-grade tuberculocidal intermediate-level disinfectant. 

However, contamination with saliva must be assumed. Disinfection of shade guides in 

many practices is carried out with solutions that are deemed to be the most convenient, 

often times without following manufacturer’s instructions.  It is not clear whether this 

leads to a significant difference in the shade selection process leading to unnecessary 
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miscommunication and misunderstanding between the clinicians and dental laboratories 

that would result in unsatisfactory finished restorations. 

There has not been much of literature in terms of the effect of disinfectants on dental 

shade tabs. Cernavin (1996) compared two standard shades from a shade guide made 

with acrylic resin teeth that had been subjected to disinfection and a similar shade guide 

that had not been disinfected and found “staggering” differences from visual observation 

alone. The first shade guide was left in a disinfectant solution for “considerable periods 

of time” between patients while the second shade guide was not treated. Cernavin 

recommends that shade guides should not be immersed in disinfecting solutions for 

periods longer than necessary and shade guides should be replaced with new sets as 

periodically as possible. However, this was not a controlled scientific study and the 

results obtained were based on visual observation alone. 

In a better-controlled study, Pohjola et al. (2007) evaluated the effect of Cavicide 

(Metrex) on the Vita Classic shade guide (Vident). Ten shade tabs of shades B2, D2, C1, 

and A3.5, were selected and measured with the EasyShade shade device (Vident). At 

baseline, three of the ten shade tabs were set aside as controls. The remaining seven 

shade tabs were treated for 480 cycles to simulate a year’s usage after which EasyShade 

readings were taken again. This was repeated for three times to stimulate 3 years of use. 

The data Pohjola et al. (2007) collected showed that there was a statistically significant 

increase in the value (L*) and chroma (C*). However, they did not test other disinfectants 

or methods of disinfecting. Their data seems to contradict the manufacturer’s claim that 

Cavicide does not contain chemicals harmful to the shade guide. 
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More studies need to be done to determine the effects of disinfectants on shade guides. 

The importance of such effects is an area that should not be overlooked, as the use of 

shade guides is a part of everyday dental practice, even more so for the prosthodontist. At 

the same time, it is prudent that disinfection is carried out appropriately according to EPA 

guidelines, without having to compromise the color or surface stability of the shade guide. 
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PURPOSE 

The purpose of this research project was to study the effects of disinfection on various 

shade tabs. Effects such as changes in color and surface texture of the shade tabs were 

studied after being subjected to two years of simulated disinfection. This was aimed at 

defining a clinical protocol for disinfecting shade guides safely and effectively, while 

maintaining them in their optimum condition to allow for consistent and accurate shade 

matching.  
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HYPOTHESIS 

Null Hypothesis 

There is no significant difference in the amount of shade tab color change (Δe) depending 

on the type of disinfectant used (Cavicide, Sporicidin, Asepticare TB or distilled water) 

after two years of simulated usage. 

There is no significant difference in the amount of shade tab color change (Δe) that 

occurs after disinfection between the different shade tabs used after two years of 

simulated usage. 

There is no significant interaction between the type of disinfectant used and the different 

shade tabs used in the amount of shade tab color change (Δe) after two years of simulated 

usage. 

Research Hypothesis 

There is a significant difference in the amount of shade tab color change (Δe) depending 

on the type of disinfectant used. 

There is a significant increase in the change in color (Δe) between the different shade tabs. 

There is an interaction between the type of disinfectant used and the different shade tabs 

used in the amount of shade tab color change.  
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MATERIALS AND METHODS 

In this study, five full sets of VITA Classical Shade Guides (Vident, Brea, California) 

were treated with Cavicide (Lot 12-1091, Metrex, Romulus, MI), five sets of shade 

guides were treated with Sporicidin (Lot 12221, Sporicidin Co., Spartanburg, SC), five 

sets of shade guides were treated with Asepticare TB (Lot C031521, Ecolab, St. Paul, 

MN), and five sets of shade guides were treated with distilled water (control). All 

possible shade tabs (B1, A1, B2, D2, A2, C1, C2, D4, A3, D3, B3, A3.5, B4, C3, A4, C4) 

were included in each set (Figure 2). 
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Figure 2 

VITA Classical Shade Tabs 

 

Each set contains 16 shade tabs (B1, A1, B2, D2, A2, C1, C2, D4, A3, D3, B3, A3.5, B4, 

C3, A4, C4). 
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Cavicide was chosen as one of the disinfectants because this study wanted to elaborate on 

the findings of Pohjola et al. (2007, they only used four different dental shade tabs, while 

this study tested the entire set). Sporicidin and Aspeticare TB were evaluated by the 

American Dental Association (ADA) and their effectiveness against Mycobacterium 

tuberculosis was confirmed to be accurate with the manufacturer’s specifications (ADA 

2008) and followed EPA standards. The three disinfectants, Cavicide, Sporicidin, and 

Asepticare TB represent three different classes of disinfectants (isopropyl alcohol, 

quaternary ammonium, and glutaraldehyde with sodium phenate, respectively) that do not 

contain chemicals harmful to VITA shade guides. 

Table 1 

Disinfectants, Sample Size and Treatment Times 

Disinfectant Active 
Ingredient 

Sample 
Size 

Treatment 
Time 

Cycles Simulated 
Use 

Cavicide (Metrex, 
Romulus, MI) 

Isopropyl 
Alcohol 

n=5 3 mins, 
then wiped 

960 2 years 

Sporicidin 
(Sporicidin Co., 
Spartanburg, SC) 

Glutaraldehyde 
with Sodium 
Phenate 

n=5 10 mins, 
then wiped 

960 2 years 

Asepticare TB 
(Ecolab, St. Paul, 
MN) 

Quaternary 
Ammonium 

n=5 6 mins, 
then air-
dried 

960 2 years 

Control Distilled water n=5 10 mins, 
then wiped 

960 2 years 

 

The five sets of shade guides that were treated with Cavicide were sprayed until wet 

using a universal spray bottle (Sprayco, Livonia, MI, Figure 3). Approximately six sprays 
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were used each time, which is the equivalent of about 6mL of solution. After allowing 

them to sit for 3 minutes, they were then wiped until visibly dry with 3x3 gauze 

(Richmond Dental Company, Charlotte, NC, Lot 8995). This application method was 

used per manufacturer’s instructions to be effective against Mycobacterium tuberculosis. 

The five sets of shade guides that were treated with Sporicidin were sprayed until wet 

(using approximately six sprays) and allowed to sit for 10 minutes then wiped until 

visibly dry with 3x3 gauze (per manufacturer’s instructions to be tuberculocidal). The 

five sets of shade guides that were treated with Asepticare TB were sprayed wet (with 

approximately six sprays) for 6 minutes then air-dried until visibly dried (per 

manufacturer’s instructions to be effective against Tuberculosis). The five sets of controls 

were sprayed with distilled water (approximately 6 sprays) and allowed to sit for 10 

minutes then wiped dry with 3x3 gauze. To ensure consistency between testing cycles 

and to replicate clinical conditions, one tester using gauze of the same roughness and 

manufacture did all of the testing.   

The testing process was repeated for 960 cycles to simulate two-year time usage. It is 

assumed that a private office would have many sets of shade guides and the typical set 

may be used twice a day, five times a week, 48 weeks per year. Shade tabs were 

measured every 40 cycles, equivalent to one month’s usage.  

Since the VITA Easyshade Spectrophotometer (Vident) has been determined to have high 

reliability and accuracy (96.4%, 92.6%, respectively, Kim-Pusateri et al., 2009), it was 

used to measure the shade tabs. Each of the sixteen tabs was tested separately (Figure 4). 
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Figure 3 

Spraying and Wiping Shade Tabs 

 

For the Cavicide, Sporicidin, and control group, shade tabs were sprayed until visibly wet 

prior to wiping dry with 3x3 gauze. Asepticare was sprayed until visibly wet and left to 

air dry. 
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Figure 4 

Measuring Shade Tabs 

 

Once each shade tabs was secured in place in the plastic jig, the probe was used to 

measure and the L*a*b values were recorded from the screen. 
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In this study, the Tooth Single mode was used to measure the middle third area of the 

shade tab. The middle 1/3 of the tab was picked because the middle site best represents 

the color of the tooth material (Schwabacher et al. 1994). In order to ensure consistency 

of the areas to be read, an acrylic jig was fabricated for securely mounting each shade tab. 

The base and the cover of the acrylic jig were made from light-polymerized Triad 

(Dentsply, York, PA) while the securing pins were made from Pindex Dual Pins (Coltène 

Whaledent Inc, Cuyahoga Falls, OH, Figure 5, Figure 6). This allowed readings to be 

taken from the same area on all the tabs. The acrylic jig allowed only the middle third of 

the shade tab to be visible. Two pins secured the back and front acrylic pieces (Figure 7). 

One initial recording of each shade tab was taken. Records were then taken for each 

shade tab after every 40 cycles (to simulate one month’s usage). The jig was used for 

every measurement to ensure consistency and to eliminate the jig as a potential 

confounding factor. Each reading of L*, a*, and b* was read off the LED screen and 

recorded.  
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Figure 5 

Materials Used to Fabricate Acrylic Jig’s Base and Cover 

 

Light polyermerized Triad acrylic was used to fabricate the acrylic jig’s base and cover. 
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Figure 6 

Materials Used to Anchor the Acrylic Jig 

 
Pindex dual pins were used to anchor the base and cover of the acrylic jig.
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Figure 7 

Acrylic jig for shade tab reading 

 

The acrylic jig allowed only a consistent third of the shade tab to be measured. 
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DATA ANALYSIS 

The calculate the change in color (Δe), the following formula set by the International 

Commission on Illumination (CIE) was used: 

Δe=√[(L*2-L*1)2 + (a*2-a*1)2 + (b*2-b*1)2]  

L*2, a*2, and b*2 was the recordings after two years of simulated usage. L*1, a*1, and b*1 

was the initial recordings. 
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POWER ANALYSIS 

To determine the sample size a power analysis was performed. To perform the power 

analysis, the results of the mean difference at two years between Cavicide (2.5) and the 

control (1.2) from Pohjola et al. (2007) was used. With an n=5, a two-tailed test, a p≤ 

0.05, and an effect size of 0.58, power was equal to 100% for disinfectant. With an n=5, a 

two-tailed test, a p≤ 0.05, and an effect size of 0.40, power was equal to 97% for shade 

tab. An n=5 for a period of two years was used for each disinfectant tested as well as the 

control. Therefore, an n=5 for each group was used. 
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STATISTICAL ANALYSIS 

The hypothesis was analyzed by a two-way analysis of variance (ANOVA) followed by 

Tukey's HSD test. A p value ≤0.05 was considered significant.  
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RESULTS 

In this study, the effect of disinfection on shade tabs was studied. All sets of shade tabs of 

the four experimental groups were included in the statistical analysis. Statistical analysis 

using two-way ANOVA revealed that there were no significant difference in color 

change (Δe) between the shade tabs (F=0.611, p=0.87) nor a significant interaction 

between the type of disinfectant used and the different shade tabs used in the degree of 

shade tab color change (F=0.7, p=0.92). However, there were statistically significant 

differences in color change (Δe) among the four groups (F=153.2, p=0.0005, Table 2). 

This analysis revealed that the shade tabs that were treated with Asepticare TB showed 

the least amount of color change (Δe =0.401), Sporicidin and the control showed more 

color change than Asepticare TB (Δe =0.889 and 0.969, respectively), but less color 

change than Cavicide (Δe =1.198).  

Post hoc power analysis provided observed power values for the three hypotheses (Table 

3). The analysis showed that an n=5 in each cell or an n=20 for each shade tab using the 

four different disinfectants (as factorial ANOVA mathematically utilizes) was not 

sufficiently large enough to find a significant difference within individual shade tabs, if it 

exists. 



	  
	  
	  

	   41	  
	  
	  

	  

 

Table 2 

ANOVA table for shade tab, disinfectant, and the interaction between shade tab and 

disinfectant  

Source of Variation df Mean Δe SD F p 

Shade Tab 15   .611 .865 

A1  0.885 0.39   

A2  0.835 0.37   

A3  0.900 0.43   

A3.5  0.870 0.39   

A4  0.830 0.31   

B1  0.810 0.34   

B2  0.895 0.40   

B3  0.845 0.39   

B4  0.905 0.43   

C1  0.900 0.34   

C2  0.905 0.37   

C3  0.910 0.35   

C4  0.855 0.40   

D2  0.755 0.33   

D3  0.86 0.41   

D4  0.870 0.40   
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Disinfectant 3   153.184 .0005 

Asepticare TB  0.401a 0.22   

Sporicidin  0.889 b 0.15   

Control (distilled water)  0.969 b 0.26   

Cavicide  1.198 c 0.29   

Shade Tabs * Disinfectants 45   .708 .92 

 

Table 3  

Power Analysis Table 

Source Observed Power 

Shade Tab .398 

Disinfectant 1.000 

Shade Tab * Disinfectant .791 
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Figure 8  

Change in Color (Δe) of Shade Tabs (F=.611, p=.865) 
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Figure 9 

Effect of Disinfectants on Color Change (Δe) (F=153.184, p=0.0005) 
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Figure 10  

Interaction Between Shade Tabs * Disinfectants (F=.708, p=.92) 
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DISCUSSION 

Shade tabs disinfected with Asepticare TB showed the least amount of color change (Δe 

=0.401), while the shade tabs treated with Cavicide showed the most amount of color 

change (Δe=1.198). The shade tabs treated with Sporicidin had comparable color change 

as the control group (Δe =0.889, 0.969, respectively). This data supported the research 

hypothesis that there is a significant difference in the amount of shade tab color change 

depending on the type of disinfectant used, albeit the controls also changed. 

Post hoc analysis showed that an n=5 in each cell or an n=20 for each shade tab using the 

four different disinfectants (as factorial ANOVA mathematically utilizes) was not 

sufficiently large enough to find a significant difference within individual shade tabs, if 

that difference existed. However, the difference between the greatest change in ΔE (C3, 

Δe=0.910) and the least change in Δe (D2, Δe =0.755) was 0.155, which may not be 

clinically important.  

It has been reported that human observers can be expected to detect color differences of 1 

Δe unit under standardized laboratory conditions (Kuehni 1979). In the oral cavity, 

however, an average change of 3.7 Δe units could still allow teeth to be matched as 

having the same color (Johnson 1989). None of the changes were greater than 3.7Δe units. 

Figure 10 demonstrates the lack of interaction between disinfectants and the different 

shade tabs. It appears that the mean change in color of C3 Asepticare TB shade tabs is 

much higher than the remaining Asepticare TB shade tabs. The C3 Aspeticare TB mean 
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ΔE is more similar to that of Sporicidin and the control. However, the results were not 

statistically significant.  

This experiment is similar in design to the study done by Pohjola et al. in 2007. However 

in that study, only five shades were evaluated, where as the entire set of the Vita Classic 

shade guide was examined in this study. The data Pohjola et al. (2007) collected 

suggested that there was a statistically significant increase in the value (L*) and chroma 

(C*) after 3 years of simulated use of shade tabs B2, D2, C1 and A3.5, however the 

changes were “not perceptible” to the authors. 

In this study, the mean change in color (Δe) between the different shade tabs proved to be 

non-significant after 2 years of simulated use. Since the change was non-significant, 

further examination of (L*) and chroma (C*) was unnecessary. It can be concluded that 

no individual shade tab will have a significant change in color within each set, provided 

that the entire set is disinfected simultaneously after each use. Therefore, if the entire Vita 

Classic Shade Tab set is disinfected in the same way after clinical use, then there should 

be no reason for any individual shade tab to be replaced before the others. 

Our results for the Cavicide group are consistent with the data Pohjola et al. (2007) 

collected.  There appears to be a statistically significant change between the Cavicide 

group and the control after two years of simulated use. The difference in the Δe for the 

control group between this study and Pohjola et al.’s stems from the fact that in Pohjola 

et al.’s study, their controls were merely set aside while in this study, the five sets of 

controls were sprayed with distilled water and allowed to sit for 10 minutes then wiped 

dry. Thus, the action of wiping the shade tabs clean may cause abrasion and lead to a 
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significant change in Δe. Despite this, Δe was very similar and the difference may not be 

clinically important (Δe=0.969, ΔE=1.2, respectively). It is interesting to note that the 

Aspeticare TB group had the least amount of change (Δe=0.401). One explanation for 

this could be the fact that all of the Asepticare TB samples were air dried, and not wiped 

(following manufacture’s instructions). Therefore, disinfection of shade tabs in the 

absence of wiping them could be a viable method.  

Since only one operator performed all of the testing in a consistent manner and that only 

one brand and consistency of gauze was used for the entire project, it can be assumed that 

the Cavicide, Sporicidin and control groups were wiped in the same manner. Hence, the 

only difference between the groups was the disinfectant. The mean change in Δe between 

Cavicide, Sporicidin, and control was 1.198, 0.889, and 0.969, respectively. According to 

the statistical analysis, the Sporicidin group had a non-significant change in Δe as 

compared to the control group.  

While the results of this study are statistically significant, the mean change in Δe for all 

the groups may not be clinically noticeable after simulation of two years of usage. 

Therefore, even though the shade tabs were measured after every forty cycles (one 

month’s equivalent’s usage), it was decided that the final statistical analysis would be 

based on the data collected at the end of a two years simulated usage (960 cycles). 

However, if the shade tabs were to be continuously used, eventually, they would exhibit a 

change in Δe that could lead to inaccurate shade matching.  Unfortunately, it would be 

very difficult to predict when this would happen from this study. 

 The data of this study appears to contradict the manufacturer’s claim that Cavicide, 
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Asepticare TB, and Sporicidin do not contain chemicals harmful to the shade guide. 

However given that each group of the shade tabs had a change in Δe that may not be 

clinically noticeable even after simulation of two years of usage and disinfection, it seems 

reasonable that the shade tabs have shown their longevity and made be due for 

replacement, but at least at two years, they are still usable. 

Limitations 

Several limitations exist within this study. First and foremost, the shade tabs are not made 

out of porcelain but rather acrylic. Yet, they are meant to represent the available dental 

porcelain shades. This can cause several problems such as inaccurate color matching and 

possibly exhibiting metamerism (a color match between two objects under one 

illumination may be a mismatch under a different illuminant). While every effort has 

been made to position the probe in a consistent manner by using a jig (Figure 7), the area 

that is ultimately measured is the middle third of the shade tab. Since these shade tabs are 

constructed not from porcelain, but rather layered acrylic resin, each area of the shade 

guide may have an inconsistent change in Δe. 

Translucency of the restorative material plays a large role in mimicking the appearance of 

the natural tooth. However, the Vita Classic Shade Tabs do not measure translucency. As 

a result, this aspect is often left to the master ceramist’s best educated guess and 

experience with porcelain application.   

Clinically, the perception of color may vary between individuals. In fact, individuals may 

vary in their ability to match color. Finally, it is important to note that Δe values are non-

directional. They do not indicate whether the shade tabs gets darker or lighter.  



	  
	  
	  

	   50	  
	  
	  

	  

Future Research 

Although the Vita Classical Shade Guide is a very popular shade guide in the dental 

office, several new shade guides are available on the market. There have been no studies 

on the effect of disinfectants on the Toothguide Vita 3-D Master shade guide, the 

Linearguide Vita 3-D Master shade guide, the Bleachedguide Vita 3D-Master shade 

guide, nor the Chromascope shade guide. It is unclear whether these shade guides are 

manufactured in the same manner as the Vita Classic shade guide. Since the arrangement 

of the shade tabs for the Toothguide Vita 3-D Master shade guide and the Linearguide 

Vita 3-D Master shade guide implement a different protocol of shade matching (by value 

first), it is uncertain whether changes of Δe in the shade guide would have a significant 

effect on this protocol.  
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CONCLUSION 

In this experiment, there is a significant difference in the amount of color change 

depending on the type of disinfectants used following the manufacture’s protocol. Shade 

tabs tested with Asepticare TB showed the least amount of change, while those tested 

with Cavicide showed the most. Shade tabs that were tested with Sporicidin showed 

comparable changes in color compared with the distilled water (control). There were no 

significant difference in color change (Δe) between the shade tabs nor a significant 

interaction between the type of disinfectant used and the shade tabs. 
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APPENDIX 

Raw Data 

Initial Readings 

Control #1    

 L a B 

A1 80.2 -0.5 14.9 

A2 80.6 1.2 23.5 

A3 76.8 1.8 24.7 

A3.5 72.6 2.7 26.7 

A4 67.8 3.8 26.7 

B1 78.3 -1.4 12.9 

B2 79.6 -0.6 20.6 

B3 75.2 0.6 25 

B4 74.3 1.5 29 

C1 74.6 0 15 

C2 74.6 0.8 22 

C3 71.4 1.3 23.9 

C4 64.8 2.6 23.3 

D2 73.4 -0.3 12.9 

D3 73.1 1.2 18.6 

D4 72.6 0.2 23.5 

    

Control #2    

 L a B 

A1 81.2 -0.3 16.5 

A2 79 1.3 23.2 
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A3 75.8 1.9 24.2 

A3.5 73.3 2.6 27.5 

A4 67.6 3.5 25.5 

B1 80.7 -1.8 13.1 

B2 79.2 -0.6 19.9 

B3 76.6 1 26.7 

B4 74.7 2.1 29.7 

C1 77.3 0.1 16.7 

C2 73.2 0.7 20.3 

C3 69.9 1.3 22.2 

C4 65 2.9 24.6 

D2 75.1 -0.3 14.1 

D3 71.9 1 18.2 

D4 72.7 0.3 23.9 

    

Control #3    

 L a b 

A1 81 -0.2 16 

A2 80.6 1.2 23.8 

A3 76 1.1 21.8 

A3.5 73.3 2.4 26.6 

A4 68.4 3.7 26.8 

B1 79 -1.2 14.1 

B2 80.6 -0.3 21.6 

B3 76.5 1.1 26.9 

B4 75.3 1.9 29.6 

C1 76.5 0.2 17 
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C2 74.3 0.9 21.7 

C3 70.7 1.4 23.1 

C4 65.7 3 24.9 

D2 75 0.2 15.2 

D3 72.4 1.1 19.6 

D4 71.7 0.1 22 

    

Control #4    

 L a b 

A1 82.6 -0.2 17.2 

A2 80.2 1.3 23.9 

A3 76.4 1.2 22.3 

A3.5 72.9 2.6 26.8 

A4 67.8 3.2 25.3 

B1 81.2 -1.3 14.3 

B2 79.4 -0.4 21.2 

B3 75.4 0.5 24.8 

B4 76 2 29.6 

C1 77.4 0.2 17.9 

C2 73.3 0.7 21 

C3 69.4 0.8 21 

C4 65.1 3.1 25.6 

D2 74.6 -0.4 13.8 

D3 72.1 1 19.3 

D4 71.5 0.1 22.6 

    

Control #5    
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 L a b 

A1 81.6 -0.2 16.7 

A2 80 1.1 22.2 

A3 76.5 1.1 22.7 

A3.5 74.7 2.7 27.3 

A4 68.4 3.6 26.2 

B1 79.9 -1.2 13.9 

B2 78.6 -0.5 19.2 

B3 77 1.1 26.7 

B4 75.7 1.8 29.6 

C1 77.4 0.1 16.9 

C2 74.1 0.9 22 

C3 70.6 1.1 23.2 

C4 66.1 3.4 26.3 

D2 74.4 0 15.8 

D3 73.1 0.9 18.3 

D4 72.6 0.1 23.9 

    

Cavicide #1    

 L a b 

A1 82.4 -0.1 17.1 

A2 79.9 0.9 22.8 

A3 75.9 1.7 23.8 

A3.5 73.6 2.4 25.9 

A4 69 3.8 27.7 

B1 79.7 -1.2 14.3 

B2 80.3 -0.5 20.7 



	  
	  
	  

	   56	  
	  
	  

	  

B3 76.1 0.5 26 

B4 75.1 2.2 30.5 

C1 76.7 0.2 16.8 

C2 73.4 0.6 20 

C3 70.2 1.1 22.9 

C4 66.5 2.7 24.6 

D2 75.4 -0.2 15.8 

D3 73.6 1 18.2 

D4 72.5 0.1 24.3 

    

Cavicide #2    

 L a b 

A1 82.5 0 17.8 

A2 81.1 1.7 24.3 

A3 75.8 1.5 22.6 

A3.5 72.9 2.6 27.5 

A4 67.6 3.4 25.8 

B1 80.8 -1.4 14 

B2 80.6 -0.2 21.7 

B3 75.4 0.7 25.6 

B4 75.6 2.5 31.1 

C1 75.9 0.2 16.4 

C2 73.8 0.7 19.4 

C3 70.7 1 21.9 

C4 65.9 2.5 23.6 

D2 74.9 -0.4 13.6 

D3 73.1 1.1 18.8 
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D4 72.4 0.2 24.1 

    

Cavicide #3    

 L a b 

A1 80.7 -0.4 15.6 

A2 80.1 1 22.3 

A3 75.7 1.8 24.1 

A3.5 72.5 2.4 25.8 

A4 67.8 3.6 26.4 

B1 78.9 -1.5 13.1 

B2 80.4 -0.4 21.5 

B3 76.5 1.1 27 

B4 74.3 1.8 29.1 

C1 76.4 0.1 17.1 

C2 73.7 0.5 19.4 

C3 69.6 0.9 21.3 

C4 64.5 3.3 25.7 

D2 74.5 -0.2 14.4 

D3 72.5 1.4 19.5 

D4 72.1 0.2 23.5 

    

Cavicide #4    

 L a b 

A1 82.2 -0.1 17.2 

A2 80.4 1.2 23.1 

A3 75.4 1.6 23.2 

A3.5 71.9 2.3 25.8 
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A4 67.9 4 27.5 

B1 79.3 -1.3 13.9 

B2 79.4 0 21.6 

B3 75.8 0.9 26.3 

B4 75 2.2 29.2 

C1 74.6 0.2 15 

C2 73.3 0.8 21.5 

C3 69.7 1.1 21.2 

C4 64.6 3.1 24.9 

D2 73.7 0.1 14.4 

D3 72.3 1.4 19.8 

D4 70.6 0 22.2 

    

Cavicide #5    

 L a b 

A1 79.8 -0.3 14.8 

A2 81.2 0.9 22.2 

A3 75.4 1.7 23 

A3.5 72.2 2.3 24.9 

A4 67.8 4.3 27.8 

B1 80.3 -1.3 13.5 

B2 79.1 -0.2 21.2 

B3 75.6 1 26.4 

B4 74.8 1.7 29.6 

C1 77 0.4 18.7 

C2 71.6 0.8 20.3 

C3 68.7 0.8 20.5 
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C4 65.1 3.7 27.3 

D2 73.3 -0.4 13 

D3 73.3 1.5 20.4 

D4 72.9 0.4 24.6 

    

Aspeticare 
TB #1   

 

 L a b 

A1 80.8 -0.2 16.3 

A2 78.8 0.9 21.8 

A3 75.6 1.7 23.6 

A3.5 71.9 2.2 25.8 

A4 67.4 4 26.9 

B1 80 -1.3 14.4 

B2 78 -0.4 19.6 

B3 75.3 0.8 25.8 

B4 73.4 1.9 28.5 

C1 75.9 0.3 17 

C2 72.4 0.8 20.5 

C3 69.6 1.1 21.8 

C4 64.2 3 24.6 

D2 74.2 0.2 14.4 

D3 72.2 1.3 19.7 

D4 71.7 0.2 23.4 

    

Asepticare 
TB #2   
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 L a b 

A1 80.4 -0.4 15.3 

A2 79.5 1.6 23.4 

A3 74.5 1.2 21.4 

A3.5 71.5 2.1 24.6 

A4 67 3.7 26 

B1 79 -1.3 13.3 

B2 80.6 -0.4 20.7 

B3 75.3 1.1 26.3 

B4 72.7 1.4 27.8 

C1 75.4 0.3 16.4 

C2 72.4 0.8 20.7 

C3 69.2 1.1 21.7 

C4 64.5 2.8 23.6 

D2 73.9 0 14.1 

D3 72.2 1 19.2 

D4 70.2 0 21.9 

    

Asepticare 
TB #3   

 

 L a b 

A1 79.7 -0.4 14.8 

A2 78.6 1.5 22.6 

A3 75.9 1.3 22.8 

A3.5 72.8 2.6 27 

A4 67.7 4 27.5 

B1 80.1 -1.1 14.9 
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B2 78.9 -0.6 20 

B3 74.9 0.9 25.7 

B4 74 2.1 28.9 

C1 76.3 0.4 17.5 

C2 73.7 0.9 22.1 

C3 70.1 1.5 23.3 

C4 64.3 3.1 24.5 

D2 73.8 0.1 14.7 

D3 71.7 1.2 19.2 

D4 72.1 0 22.9 

    

Asepticare 
TB #4    

 L a b 

A1 79.9 -0.2 15.1 

A2 78.4 1.5 22.7 

A3 74.8 1.5 22.7 

A3.5 73.1 3 27.9 

A4 67.5 3.5 26.1 

B1 77.6 -1.3 11.7 

B2 78.9 -0.5 20 

B3 74.4 1 25.3 

B4 73.2 1.8 28.7 

C1 75 0.1 15.9 

C2 72.2 0.8 20.4 

C3 68.3 1.1 21.3 

C4 64.8 3.2 25.1 
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D2 73.4 0.4 15.6 

D3 71.4 1 18.3 

D4 71.3 0.1 22.2 

    

Asepticare 
TB #5   

 

 L a b 

A1 80.8 -0.2 15.8 

A2 79.6 1.7 23.2 

A3 75.4 1.4 22.4 

A3.5 72.7 2.7 26.6 

A4 67.8 3.9 25.7 

B1 79.3 -1.4 13.6 

B2 79.7 0 21.4 

B3 74.3 0.3 23.5 

B4 74.8 1.7 28.7 

C1 76 0.1 16.1 

C2 71.8 0.9 20.2 

C3 69 1 21 

C4 65.1 3.2 25.5 

D2 74.2 0.2 14.4 

D3 72.5 1.2 19.1 

D4 71.1 0.2 23.5 

    

Sporicidin 
#1    
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 L a b 

A1 81.1 0 16.9 

A2 77.8 1 21.4 

A3 75.2 1.4 22.5 

A3.5 73 2.9 27.3 

A4 68.2 4.4 28.1 

B1 78.9 -1.1 13.9 

B2 79.5 -0.2 20.9 

B3 75.4 0.9 25 

B4 73.6 2 28.9 

C1 75.2 0.2 16.2 

C2 71.3 0.8 20 

C3 69.4 1.5 23.3 

C4 64.3 2.9 24.3 

D2 73.6 -0.2 13.8 

D3 72.9 1.5 20.5 

D4 72 0.3 24 

    

Sporicidin 
#2    

 L a b 

A1 82.5 0.1 16.8 

A2 81 1.4 23.8 

A3 74.6 1.3 21.7 

A3.5 73 2.9 27.5 

A4 68.1 4.1 27.2 

B1 79.8 -1.1 14.1 
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B2 78.9 -0.1 20.7 

B3 74.8 0.5 23.8 

B4 74.4 2.8 31.4 

C1 75.4 0.2 16 

C2 72.4 0.8 20.6 

C3 70 1.3 22.2 

C4 65.9 2.9 23.8 

D2 74.8 -0.2 14.1 

D3 71.4 1.2 18.9 

D4 71.6 0.3 23.2 

    

Sporicidin 
#3   

 

 L a b 

A1 81.1 0 16.1 

A2 80.6 0.8 21.5 

A3 75.7 1.6 23.3 

A3.5 71.9 2.4 25.7 

A4 67.9 4.3 27.4 

B1 79.7 -1.3 13.9 

B2 80.3 -0.4 22 

B3 75.5 1.2 26.2 

B4 74.1 2.2 30.5 

C1 74.3 0.2 15.2 

C2 72.3 0.8 21.1 

C3 69.9 1.1 21.4 

C4 64.3 2.8 23.6 
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D2 73.9 0 14.7 

D3 72 1.4 19.5 

D4 73.2 0.3 24 

    

Sporicidin 
#4   

 

 L a b 

A1 82.2 0 16.9 

A2 78.4 0.4 18.2 

A3 75 0.9 20.9 

A3.5 73.6 2.5 25.9 

A4 67.7 4 27.2 

B1 78.7 -1.2 13.4 

B2 80.5 -0.1 20.2 

B3 76 1.3 26.7 

B4 75.4 2 30 

C1 75.6 0 14.5 

C2 73 0.8 21 

C3 70.4 1.4 23.5 

C4 65.9 3 25.6 

D2 73.9 -0.1 14.6 

D3 72.4 1.3 19.9 

D4 72.1 0.1 22.8 

    

Sporicidin 
#5   

 

 L a b 
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A1 81.1 -0.3 15.8 

A2 78.6 0.6 21.1 

A3 75.6 1.1 22.6 

A3.5 72.9 2.5 26.7 

A4 67 3.7 25.8 

B1 78.9 -1.6 12.6 

B2 79.8 -0.7 20.7 

B3 75 0.6 24.2 

B4 74.4 2 29.6 

C1 74.6 -0.1 14.5 

C2 73.6 0.6 21.2 

C3 68.7 0.6 19.6 

C4 65.3 3 24.9 

D2 74.1 0 15 

D3 71.7 1 17.8 

D4 70.9 -0.3 21.5 

    

 

960 Cycle Readings 

Control #1    Δe 

 L a b  

A1 80.4 -0.6 14.2 0.7 

A2 81.1 1.1 22.8 0.9 

A3 75.8 1.8 24.2 1.1 

A3.5 72.7 3.1 27.8 1.2 

A4 67.5 3.9 26.3 0.5 
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B1 78.2 -1.2 12.4 0.5 

B2 78.7 -0.4 20.4 0.9 

B3 74.5 0.7 24.7 0.8 

B4 73.8 1.7 29.5 0.7 

C1 75.2 0.1 15.7 0.9 

C2 73.5 0.9 21.7 1.1 

C3 71.8 1.6 24.6 0.9 

C4 64.7 2.6 22.6 0.7 

D2 73.1 -0.3 12.5 0.5 

D3 72.4 1 18.3 0.8 

D4 71.5 0.3 23.3 1.1 

     

Control #2     

 L a b Δe 

A1 81.6 -0.1 15.5 1.1 

A2 78.7 1.3 22.6 0.7 

A3 76.2 1.7 23.6 0.7 

A3.5 72.4 2.7 26.9 1.1 

A4 67.7 3.8 26.1 0.7 

B1 79.6 -1.3 13.5 1.3 

B2 78.7 -0.2 20.8 1.1 

B3 76.3 1.2 27.4 0.8 

B4 74.2 2.1 29 0.9 

C1 76.4 0.2 16.6 0.9 

C2 72.6 1 20.4 0.7 

C3 69.5 1.3 21.6 0.7 

C4 64.4 3.2 24.9 0.7 
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D2 74.5 -0.1 13.6 0.8 

D3 71.6 1.1 17.6 0.7 

D4 72 0.4 23.8 0.7 

     

Control #3     

 L a b Δe 

A1 79.9 -0.1 15.9 1.1 

A2 79.7 1.2 23.2 1.0 

A3 75.2 1.4 22.5 1.1 

A3.5 72.4 2.6 26.4 0.9 

A4 67.7 3.6 26.2 0.9 

B1 78.2 -1 13.6 1.0 

B2 79.5 -0.4 21.4 1.1 

B3 75.4 1.2 26.6 1.1 

B4 74.3 2.1 29.7 1.0 

C1 75.5 0.5 16.6 1.1 

C2 73.4 1.1 21.1 1.1 

C3 69.8 1.4 22.6 1.0 

C4 64.6 3 24.7 1.1 

D2 74.3 -0.1 14.8 0.9 

D3 72.6 1.1 20.7 1.1 

D4 70.8 0.3 21.8 0.9 

     

Control #4     

 L a b Δe 

A1 80.9 0 16.7 1.8 

A2 80.7 1.5 23.6 0.6 
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A3 74.8 1.4 22.2 1.6 

A3.5 72.5 2.6 26.4 0.6 

A4 67.3 3.5 25.7 0.7 

B1 80.4 -1.2 14.1 0.8 

B2 78.5 -0.2 21 0.9 

B3 74.6 0.8 24.6 0.8 

B4 75.1 2.2 29.6 0.9 

C1 76.5 0.4 17.8 0.9 

C2 72.5 0.8 20.1 1.2 

C3 69 1.2 21.4 0.7 

C4 64.4 3.2 24.9 1.0 

D2 73.7 -0.3 13.5 1.0 

D3 71.4 1.3 19.6 0.8 

D4 72.1 0.2 21.7 1.1 

     

Control #5     

 L a b Δe 

A1 82 0 16.2 0.7 

A2 78.6 1.3 21.9 1.4 

A3 75.7 1.2 22 1.0 

A3.5 73.3 2.8 27.2 1.4 

A4 67.5 3.5 25.6 1.1 

B1 79 -1.1 13.3 1.1 

B2 78.4 -0.3 20.1 0.9 

B3 76 1.2 26.5 1.0 

B4 74.1 2 29.3 1.6 

C1 76 0.4 16.5 1.5 
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C2 73 1 21.3 1.3 

C3 69.7 1.3 22.7 1.0 

C4 64.7 3.6 25.8 1.5 

D2 73.8 0.1 15.1 0.9 

D3 71.9 1.1 18.3 1.2 

D4 71.6 0.1 23 1.3 

     

Cavicide #1     

 L a b Δe 

A1 81.3 0 16.2 1.4 

A2 80.6 0.8 21.9 1.1 

A3 74.9 1.7 23 1.3 

A3.5 71.9 2.7 25.9 1.7 

A4 67.5 3.9 27.4 1.5 

B1 78.5 -0.9 13.4 1.5 

B2 79 -0.3 20.2 1.4 

B3 75.2 0.6 25.2 1.7 

B4 74.4 2.1 29.3 1.4 

C1 75.3 0.3 16.1 1.6 

C2 72.1 0.8 19.4 1.4 

C3 69.2 1.2 22.2 1.2 

C4 65 3 24.1 1.6 

D2 74.5 0 14.8 1.4 

D3 71.9 1.2 18.7 1.8 

D4 71.1 0.3 23.6 1.6 

     

Cavicide #2     
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 L a b Δe 

A1 81.2 0 16.8 1.6 

A2 79.8 1.9 23.7 1.4 

A3 74.4 1.6 22.3 1.4 

A3.5 71.8 2.6 26.6 1.4 

A4 67 3.3 24.9 1.1 

B1 79.8 -1.2 13.6 1.1 

B2 79 0 20.8 1.8 

B3 74.1 0.8 24.3 1.8 

B4 74.5 2.5 30.7 1.2 

C1 75 0.3 15.8 1.1 

C2 72.5 1.1 20.1 1.5 

C3 69.5 1.2 21.7 1.2 

C4 64.6 2.6 22.8 1.5 

D2 73.7 -0.3 13.2 1.3 

D3 71.8 1.4 19.4 1.5 

D4 71.1 0.2 23.2 1.6 

     

Cavicide #3     

 L a b Δe 

A1 81.3 -0.2 16.4 1.0 

A2 79.2 1.2 22.8 1.0 

A3 75 1.7 22.9 1.4 

A3.5 71.9 2.3 25 1.0 

A4 66.9 3.7 25.8 1.1 

B1 77.8 -0.9 12.8 1.3 

B2 79.3 -0.2 20.9 1.3 
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B3 75.5 1.3 26.8 1.0 

B4 73.8 1.9 28.2 1.0 

C1 75.3 0.2 16.6 1.2 

C2 72.5 0.8 20.2 1.5 

C3 68.5 1.1 20.7 1.3 

C4 64.6 3 24.7 1.0 

D2 73.6 -0.1 13.9 1.0 

D3 71.5 1.5 19 1.1 

D4 71.9 0.2 22.5 1.0 

     

Cavicide #4     

 L a b Δe 

A1 81.8 -0.3 16.3 1.0 

A2 81.2 1.4 23.9 1.1 

A3 74.6 1.5 22.2 1.3 

A3.5 71.3 2.2 25.2 0.9 

A4 67.1 4 27.2 0.9 

B1 78.6 -1.1 14.3 0.8 

B2 78.7 0.1 21 0.9 

B3 75.2 1 25.7 0.9 

B4 73.6 2 28.6 1.5 

C1 73.9 0.2 14.6 0.8 

C2 73.7 0.9 22.2 0.8 

C3 69.1 1.2 21.8 0.9 

C4 64.2 3 24.2 0.8 

D2 74.3 0.1 13.9 0.8 

D3 71.6 1.3 19.2 0.9 
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D4 70.1 0 21.2 1.1 

     

Cavicide #5     

 L a b Δe 

A1 79.1 -0.2 14.3 0.9 

A2 80.3 1.2 23 1.2 

A3 74.8 1.9 23.7 0.9 

A3.5 71.7 2.5 25.6 0.9 

A4 68.5 4 27.2 1.0 

B1 79.8 -1.3 12.7 0.9 

B2 78.2 -0.2 20.2 1.3 

B3 76.1 0.9 25.6 0.9 

B4 73.5 1.6 28.6 1.6 

C1 76.3 0.4 17.6 1.3 

C2 72.5 0.8 20.4 0.9 

C3 68.3 1.1 21.3 0.9 

C4 65 3.6 26.2 1.1 

D2 74 -0.4 12.4 0.9 

D3 72.8 1.5 19.6 0.9 

D4 72.3 0.6 24.7 0.6 

    
 

Aspeticare 
TB #1    

 
 L a b Δe 

A1 81.1 -0.2 16.1 0.4 

A2 78.8 1.1 22 0.3 

A3 75.3 1.7 23.4 0.4 



	  
	  
	  

	   74	  
	  
	  

	  

A3.5 72.1 2.2 25.4 0.4 

A4 67.6 4.2 27.2 0.4 

B1 79.6 -1.2 14.4 0.4 

B2 78.3 -0.4 19.4 0.4 

B3 75.1 0.9 25.9 0.2 

B4 73.6 1.9 28.6 0.2 

C1 76.2 0.3 16.8 0.4 

C2 72.1 0.9 20.4 0.3 

C3 69.6 1.1 22 0.2 

C4 64.4 3 24.4 0.3 

D2 73.8 0.2 14.4 0.4 

D3 71.9 1.4 19.6 0.3 

D4 72.2 0.3 23.6 0.5 

     

Asepticare 
TB #2     

 L a b Δe 

A1 80.8 -0.3 15.6 0.5 

A2 79.2 1.7 23.7 0.4 

A3 75 1.3 21.2 0.5 

A3.5 71.3 2.2 24.6 0.2 

A4 67.1 3.5 25.5 0.5 

B1 78.5 -1.2 13.2 0.5 

B2 80.2 -0.2 20.9 0.5 

B3 75.7 1.1 25.9 0.6 

B4 73 1.5 27.5 0.4 

C1 75.2 0.2 15.9 0.5 
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C2 72.9 0.7 20.8 0.5 

C3 69.7 1.1 21.5 0.5 

C4 64.8 2.9 24 0.5 

D2 73.9 0.1 13.9 0.2 

D3 72.2 1.1 18.8 0.4 

D4 70.2 0 21.4 0.5 

     

Asepticare 
TB #3     

 L a b Δe 

A1 79.9 -0.4 14.3 0.5 

A2 78.7 1.6 22.8 0.2 

A3 76.1 1.4 22.9 0.2 

A3.5 72.4 2.6 26.7 0.5 

A4 67.6 3.8 27 0.5 

B1 79.6 -1 14.7 0.5 

B2 79 -0.5 19.8 0.2 

B3 75.1 0.8 25.3 0.5 

B4 73.8 2.1 28.8 0.2 

C1 76.1 0.3 17 0.5 

C2 73.4 1 21.9 0.4 

C3 70 1.5 22.8 0.5 

C4 64.6 3.1 24.8 0.4 

D2 73.9 0.1 14.2 0.5 

D3 71.5 1.2 18.9 0.4 

D4 72.2 0.2 22.7 0.3 
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Asepticare 
TB #4     

 L a b Δe 

A1 80 -0.1 15.5 0.4 

A2 78.6 1.6 22.8 0.2 

A3 74.8 1.6 22.6 0.1 

A3.5 72.9 3.1 27.7 0.3 

A4 67.7 3.7 26.2 0.3 

B1 77.5 -1.2 12 0.3 

B2 78.6 -0.5 19.9 0.3 

B3 74.5 1.1 25.7 0.4 

B4 73.5 1.8 28.8 0.3 

C1 74.7 0.3 15.6 0.5 

C2 71.9 1 20.3 0.4 

C3 68.8 1.2 21.5 0.5 

C4 64.7 3.2 25.3 0.2 

D2 73.5 0.6 15.7 0.2 

D3 71.2 1.1 18.3 0.2 

D4 71.4 0.2 22 0.2 

     

Asepticare 
TB #5     

 L A b Δe 

A1 80.5 -0.1 16.1 0.4 

A2 79.1 1.6 23.2 0.5 

A3 75.1 1.4 22.1 0.4 

A3.5 72.6 2.8 27.1 0.5 
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A4 68 3.9 26.2 0.5 

B1 79 -1.3 13.6 0.3 

B2 79.3 0.1 21.3 0.4 

B3 74 0.6 23.4 0.4 

B4 74.3 2 28.6 0.6 

C1 75.6 0.2 16.1 0.4 

C2 72 0.9 20.7 0.5 

C3 69.3 1.1 20.6 0.5 

C4 65 3.2 25.2 0.3 

D2 74.4 0.3 14.5 0.2 

D3 72.1 1.2 19.1 0.4 

D4 70.8 0.3 23.4 0.3 

     

Sporicidin #1     

 L a b Δe 

A1 81.4 -0.1 16.2 0.8 

A2 78.4 0.9 20.6 1.0 

A3 75.8 1.3 21.8 0.9 

A3.5 73.5 2.7 26.7 0.8 

A4 68.6 3.9 27.1 1.2 

B1 79.5 -1.1 13.5 0.7 

B2 79.6 -0.4 19.9 1.0 

B3 75.2 0.9 24.4 0.6 

B4 74.2 1.9 28.4 0.8 

C1 76 0.3 16 0.8 

C2 72.1 0.7 19.7 0.9 

C3 69.9 1.3 22.7 0.8 
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C4 64.1 3.1 24.9 0.6 

D2 73.1 -0.2 13.4 0.6 

D3 73.3 1.4 19.6 1.0 

D4 71.5 0.4 23.3 0.9 

     

Sporicidin #2     

 L a b Δe 

A1 81.5 0 16.3 1.1 

A2 81.1 1.3 22.8 1.0 

A3 75.3 1.3 21.6 0.7 

A3.5 73.6 2.7 26.9 0.9 

A4 68.3 3.7 26.6 0.7 

B1 80 -1.1 13.5 0.6 

B2 79.3 -0.3 19.7 1.1 

B3 74.3 0.6 23.3 0.7 

B4 74.4 2.7 30.5 0.9 

C1 76.2 0.2 16.3 0.9 

C2 72.4 0.8 19.8 0.8 

C3 70.4 1.1 21.7 0.7 

C4 65 3 24 0.9 

D2 74.4 -0.3 13.4 0.8 

D3 71.8 1.1 18.1 0.9 

D4 71.7 0.2 22.2 1.0 

     

Sporicidin #3     

 L a b Δe 

A1 81.5 -0.1 15.1 1.1 
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A2 79.9 0.9 22 0.9 

A3 75.4 1.7 23.8 0.6 

A3.5 72.5 2.2 24.9 1.0 

A4 67.2 4.3 26.8 0.9 

B1 80.2 -1.2 13 1.0 

B2 79.9 -0.4 21.2 0.9 

B3 76.2 1.2 26.4 0.7 

B4 74 2 29.5 1.0 

C1 75.2 0.1 15 0.9 

C2 72.4 0.8 20.1 1.0 

C3 69.6 1.3 22.4 1.0 

C4 64.8 2.7 22.8 0.9 

D2 74.2 0 14 0.8 

D3 72.3 1.2 18.8 0.8 

D4 72.4 0.5 23.4 1.0 

     

Sporicidin #4     

 L a b Δe 

A1 82.4 -0.1 17.5 0.6 

A2 77.4 0.6 18.7 1.1 

A3 75.6 1.1 21.9 1.2 

A3.5 73 2.8 26.8 1.1 

A4 68.1 3.6 26.2 1.1 

B1 79.5 -1.2 13.1 0.9 

B2 79.9 -0.2 19.7 0.8 

B3 76.3 1.1 25.7 1.0 

B4 75.5 1.7 29.1 1.0 
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C1 74.8 0.1 14.7 0.8 

C2 73.3 0.7 20.3 0.8 

C3 70.9 1.2 22.6 1.0 

C4 65.4 3.1 24.9 0.9 

D2 74.6 -0.2 13.7 1.1 

D3 73.4 1.2 19.5 1.1 

D4 71.8 0.1 21.8 1.0 

     

Sporicidin #5     

 L a b Δe 

A1 81.3 -0.1 16.5 0.8 

A2 78.8 0.6 20.4 0.7 

A3 76.6 1.1 22.1 1.1 

A3.5 72.7 2.5 26.1 0.6 

A4 68 3.6 25.3 1.1 

B1 78.5 -1.2 13.1 0.8 

B2 79.9 -0.2 21.3 0.8 

B3 74.7 1.1 25 1.0 

B4 74.8 1.9 28.8 0.9 

C1 75.4 0.1 15.1 1.0 

C2 73.3 0.8 20.3 1.0 

C3 69.3 0.7 18.9 0.9 

C4 66.1 2.9 24.2 1.1 

D2 73.5 0.5 15.5 0.9 

D3 72.1 1.1 17 0.9 

D4 70.8 -0.1 20.8 0.7 
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